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It is generally accepted that the tails of tadpoles undergo
resorption during metamorphosis. In this investigation efforts were
made to observe, through histological studies, the changes in the tail
muscles of Rana pipiens during the metamorphic period,
Bataillon (1891), Guieysse (1905), and Morse (1918) investigated
degenerative changes in the muscle fibers of the myomeres. According
to them, the first noticeable change in the musculature was a shortening
of the muscle fibers. Brown (19U6) observed histolysis in the tails of
Rana pipiens and Rana sylvatica larvae during metamorphosis. He found
that the first microscopic change in atrophy of the tail occurred in the
myosepta. Further observations by this investigator revealed swelling
and degeneration of the connective ^ssues, particularly of the argyrophil
fibers, which act as tendinous connections between the myomeres.
Data to be reported in the present investigation will point to
local changes in the general connective tissue of the tail and in the
structural integrity of the muscle masses. These histological alterations





Lindeman (1928) demonstrated skin transplantation in Rana pipiens
during metamoiphosis. The grafts involved skin from the back, belly,
sides, and tail. After the transplantations were made, he carefully
observed them with reject to the ^ecificity of the integument for pig¬
mentation and histolysis. It was found that autoplastic and hemoplastic
larval skin grafts revealed local specificity for pigmentation when the
host was allowed to metamorphose. All grafts invariably developed the
pigmented pattern characteristic of the region from which they were
removed. The investigator concluded that the integument of the larva is
specific for pigmentation and the factor responsible for the development
of the pattern is contained within the skin itself.
Similar transplants, involving an interchange of tail skin with
skin from the back, underwent normal metamoiphosis and developed the
pigmentary pattern characteristic of the region from which they were taken.
This suggested that two factors determined the histolysis of the tail
integument: One was ^ecifically within the skin itself; the other, a
chemical substance or agent, became functional in inducing histolysis of
the tail integument at a certain stage of metamorphosis.
Lindeman (1929) expanded these transplantation studies on integumen¬
tary pigmentation in Rana pipiens tadpoles which varied in length from 60
to 100 mm. The animals used were normal tadpoles and showed no signs of
metamorphosis for at least two weeks following the operation. The experiment
consisted of 35 cases of two classes of autoplastic skin transplantation:
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The first involved an interchange of integument from the back of the
animal with a similar section from the tailj the second type was an
interchange of ^in from the junction of the tail and body with a graft
from the back.
Results indicated that back skin, when tran^lanted to regions
of the tail, developed the normal pigmentary characteristics typical of
the region frcrni which it was taken. The transplants were neither absorbed
nor did they histolyze. However, with the resorption of the tail and its
integument, the grafts migrated from their original transplanted positions
to ones adjacent to the tips of the urostyles, where they ranained in¬
definitely. Grafts transplanted from the back to the posterior end of
the tail underwent the same pigmentary changes during metamorphosis as
did those transplanted nearer the anterior region. Histological exami¬
nation of the grafts showed no signs of histolysis, and the integument had
the appearance of normal back skin in every respect. The reciprocal grafts,
however, in which tail skin was transplanted to the back, underwent degen¬
eration during metamorphosis and presented all the external signs of
histolysis.
Clausen (192?) made observations on the tail skin and muscles of
Rana pipiens larvae during metamorphosis. All animals used for trans-
plantatioh purposes were anaesthetized in aqueous chloretonej flaps of the
integument were laid back, and a small piece of muscle was removed from
the tail and placed in a few drops of lyiqjh and shaped as desired under a
dissecting microscope. All operations were autoplastic and reciprocal;
that is, from tail to back and back to tail of the same individual. Tail
muscle grafts of uniform sizes were secured from extreme anterior and
u
posterior regions and from two intermediate areas and transplanted auto-
plastically, to the back of the larvae of Rana pipiens. During metamor¬
phosis, preliminary obsejnrations indicated that different regions of the
larval tail underwent histolysis at different rates: anterior grafts
invariably histolyzed with greater rapidity than posterior muscle grafts*
Intermediate muscle grafts histolyzed at proportionate rates. Autoplastic
grafts of the tail skin gave a similar pattern of histolysisj that is,
anterior regions underwent histolysis more rapidly than, and prior to,
the posterior regions.
Helff and Clausen (1929) studied atrophy in the tail muscles of
Rana clamltans during metamorphosis by removing small pieces of muscles
from the back and tranplanting them to the tail, and from the tail to the
back of the same animal. All cases of incomplete or abnormal grafting
were observed. The transients were examined at 10, 15, and 21-day inter¬
vals and were carefully measured, thus making possible a fairly accurate
determination of tissue volume so as to determine any reduction in volume
due to atropl^. These investigators proposed that the cause of tail atrophy
could be classified under three main headings: cytological, involving
histolytic cellular changes; biochemical, embracing early chemical changes
and later progressive cna;*ge£ during the ensuing histolysis; causative
problems as to the immediate fundamental agent which initiated the various
biochemical and cytological reactions which resulted in atrophy.
Brown (19li6) observed histolysis in the tail of the tadpole of Rana
pipiens and Rana sylvatica during metamorphosis with special reference to
the nervous system. He found that the first microscopic change in atrophy
of the tail occurred in the myocommes of the anterior half of the tail.
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It consisted of swelling and degeneration of the connective tissue, more
particularly of the argyrophil fibers which acted as tendinous connections
between the myomeres. Degeneration of the argyrophil elements caused
retraction of the muscle fibers. Histolysis of large numbers of muscle
fibers on one side of the tail was responsible for the "bender kink"
noticeable in many tadpoles during early metamorphosis. The nerve fibers
appeared in the anterior half of the tail and their branches were not
clearly displayed until after retraction of the myomeres; whereas, in the
posterior half, in which the nyocorames were wider, the individual fibers
and their branches were quite distinct even before metamorphosis had started.
Retraction of the myomeres caused a stretching of the branches of the motor
nerve endings on the muscle fibers at or near their intersections on the
myocommes. As a result of injury to the finer nerve branches, the hypolemma
of the motor nerve endings degenerated.
Further observations were made on motor nerve endings in the tadpoles
tails. It was found that degeneration of the motor nerve endings did not
immediately cause retrograde degeneration of the nerve fibers, but when
collateral nei*ve branches which supplied the more caudal myomeres were
injured, motility was slowed down. During the second phase of atrophy, the
tail became gradually shorter; the dorsal and ventral fins were resorbed,
and motility was largely lost. Therefore, it was concluded that in the
tadpole tail nerve fibers were highly resistant to the histolytic agents
which caused the breakdown of the tissue in the tail. Other observations
indicated that resorption of the tail began at the tip where numerous
phagocytes engulfed the debris. The phagocytes did not take an active part
in the degeneration of the nerve fibers within or outside of the caudal
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spinal cord,
Helff (1928) observed the growth of the urostyle in larval Rana
piplens duzdng metaiuoiphosis by removing the urostyles in one group of
tadpoles and in another group allowing them to remain intact. Both groups
were permitted to metamorphose. The tails of both groups underwent normal
atrophy, identical in appearance and time with the tail atrophy of normal
unoperated individuals. He concluded that the developing urostyle of
metamorphosing tail had no bearing or causative influence on the atrophy
of the larval tail. The results indicated that the tissues in the tail
were specific in their ability to undergo degeneration at a certain meta-
raorphic stage. It was believed that the stimulus for such histolysis was
transferred through the blood stream and was probably hormonal in nature,
Helff (1928) also made a study on the role of the urostyle in the
atrophy of the larval tail of Rana pipiens before the onset of metamorphosis.
The removal of the urostyle anlage was made at a time considerably prior to
any metamorphic change of the tail or larvae as a whole. Before the operation
the larvae were fed for several days on Spirogyra to promote growth, and
daily observations were made to detect the first signs of metamorphosis and
especially of tail atropt^. Following the complete resorption of the tail
and the end of metamorphosis in general, the urostyle-extirpated individuals
were autopsied in order to determine whether regeneration of the urostyle
anlagen had occurred. In no case could such regeneration be detected.
Again it was concluded that the growth of the urostyle could not be considered
as the fundamental cause of tail atrophy and that the tissue of the tail
appeared to be specifically susceptible to a histolytic agent in the blood
stream
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Morse (1918) considered the factors involved in atrophy of the
tails of larval Rana areolata and Rana catesbeiama during metamorphosis.
A study was undertaken to determine the relationship between reaction of
medium and the processes known as self-digestion, maceration, auto-digestion
and autolysis. This relationship was such that when the average normal
alkalinity of the tissue fell below a certain point, autolysis started.
Further observations gave indication that when the pH was decreased, the
proteolytic enzymes of autolysis were activated. He concluded that in a
distinctly acid reaction, where the concentration of hydroxyl ions was less
than one millionth normal, autolysis proceeded rapidly,
Bataillon (1891) found that in the frog, the development of the
pygostyle caused a change in the distribution of the blood supply throughout
the tail. It was further suggested that maybe oxygen inhibited the activity
of the autolyzing enzymes and that when the blood supply was interfered with,
the inhibiting action of oxygen was thrown off, thus permitting autolysis.
However, there were no experimental data to substantiate the theory.
CHAPTER III
MATERIALS AND METHODS
The experimental animals used in this investigation were larvae
of Rana pipiens* The animals were obtained from the Carolina Biological
Supply House, Burlington, North Carolina, All experimental animals were
kept either in finger bowls or in an aquarium with aerated tap water at
room ten^jerature. After each feeding of boiled lettuce, three times per
week, the water was changed to remove waste materials.
All tadpoles used in this experiment were staged according to Taylor
and Kollros (19U6) as follows: Roman numerals I-V represent development
in the "limb bud" stage, VI-X for the "foot paddle" stage, XI-XVII for the
"premetamorphic" stage, and XVIII-XXV for the "metamorphic" stage. With¬
out prior anaesthetization, tails were anputated from several tadpoles in
the following developmental periods: (l) "limb bud" period - stages I,
II, IVj (2) "foot paddle" period - stages VII, VIII, IX, X; (3) "premeta¬
morphic" period - stages XI, XII, XIH, XIV, XV, XVI, XVII, and (It)
"metamorphic" period - stages XVIII, XIX, XX, XXI, XHI, XXIII, XHV.
Immediately after amputation, the tails were placed in Bouin’s fixative
for approximately 2k hours.
After fixation, tissues were dehydrated in a series of alcohol
$0%f and 7C^ reject!vel^) for fifteen minutes each. Several changes of
alcohols were made to remove the fixative from the tissues as well as to de¬
hydrate them. The tissues were transferred from 70% alcohol to pure dioxan
for three to five hours, placed in one-third dioxan and two-thirds soft
paraffin, and then put in a paraffin oven at 57°C. for two to three hours.
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depending upon the size of the pieces. After the completion of this
process, the tissues were transferred to soft paraffin and again placed
in the paraffin oven for one hour, after which they were infiltrated with
hard paraffin for an additional hour and embedded.
Serial longitudinal sections of the tails (10 u thick) were made,
and the sections stained with iron-hematoxylin and eosin, cleared in xylol,




The following account on the fate of tail muscles in larvae of
Rana pipiens was based on eaperimental data compiled over a 120 day-
period during premetamorphosing and metamorphosing stages.
Larval Stage I.—^Microscopical examination of serial longitudinal
sections though the horizontal plane of the tail revealed that the muscles
were arranged in a definite pattern. Within this pattern the myomeres
were rectangular in shape and appeared to have been aaaller in the more
caudal portion of the tail (Fig. 2) than in the anterior portion (Fig. 1).
Moreover, it was observed that the myomeres were striated and multinu-
cleated. In figure one the no-tochord was seen between the n^mere masses
of the right and left sides of the tail section. The large vacuolar cells
(V) appeared bounded by the smaller peripheral cells (P) and the sheath
(S). Some connective tissue (C) was between the myomeres (M) and the
sheath as well as between adjacent muscle masses.
No visible changes were noted in larval stages II through XIX
(see Figs. 3 and it).
Larval Stages XX-XXEV.—Several changes were observed in the tail
muscles of this group. The first changes revealed were in stage XX (Fig. $),
These changes consisted of swelling and clunping of connective tissue (C)
around the edges of the myomeres (M). However, in some sections longitudinal
splitting and cluitped interfibrillar materials (IF) were detected near the
center of the tail muscles (Fig. 6). Near the tip of the tail these
materials were represented as congregations of short curved "rods" which
had an irregular arrangement (IF, Fig. 7).
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Larval Stage XXI.—Studies of tail sections from tadpoles of this
stage also revealed longitudinal splitting of the myomeres as well as
interfibrillar clumps of granules of various sizes (Fig. 8). It was also
observed that the interfibrillar fibrocytes (FC) had diffuse outlines and
the processes of these cells were broken up into masses of cytoplasmic
material of various sizes.
Larval Stage XXII.—Examination of sections from this stage revealed
similar conditions to those of stage XXI, except the muscles had undergone
more shortening in various regions of the tail (Fig. 9).
Larval Stage XXIII.—In this stage only traces of muscle tissues
were found in the posterior portion of the tail (Fig. 10). In the anterior
region (Fig. 11) irregular cluii?)s of muscle material were detected and they
were much smaller than those seen in earlier stages.
Larval Stage XXIV.—Studies made on tail sections of this stage gave
no indication of muscles in the posterior portion (Fig. 12). Large areas
of fibrocytes and cellular debris were prominent.
Traces of muscles remained demonstrable in the anterior portion of
the tail (Fig. 13). Considerable connective tissue and, large, apparently
en^ty, spaces surrounded the muscles.
CHAPTER V
DISCUSSION
The tails of Rana plplens larvae underwent gradual changes in shape
and in size during the late "metamorphic” period. No changes were observed
in earlier larval stages or '•premetamorphic’* stages (I through XVII).
Although stages XVIII and XIX are considered as "metamorphic” stages, no
visible changes were seen in tails from animals in these catagoii.es.
The alterations which occurred in the late "metamorphic" period
(stages XX-XXIV) involved clumping and swelling of the connective tissue
and contraction of the myomeres. This is in accord with the works of Morse
(1918), who noted a shortening of muscle fibers, and Brown (19U6), who
demonstrated that the fibrocytes between the collagenous fibers showed very
ragged outlines and their processes gradually broke up into irregular clmps
of cytoplasmic materials and granules of various sizes.
Further investigation into the late "metamorphic" period revealed
longitudinal splitting of muscles and cluir5)ed interfibrillar material. These
histological changes were obsei*ved first in stage XXj however, there was some
variation in the rate of change in this stage, as well as stages XXI threugh
XXIV. The splitting of muscles was probably due to the breakdown of the
connective tissue of the musculature. Such an idea would be in keeping
with observations of Brown (19U6) that frog tail muscles underwent consider¬
able contraction following the degeneration of argyrophil elements. These
structures served noimally as tendinous connections between muscles.
The highest rate of histological changes in the muscle pattern during
late metamorphosis occurred in the posterior portions of the tails. Tissue
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changes were also observed in the anterior portions, but later and at a
slower rate. If the stimulus for histolysis is transferred through the
blood stream, as suggested Helff (1928), then one might eaqpect that
during late metamorphosis of the tail the most distal parts will be
affected first. Support for a possible blood borne histolytic agent has
come from studies of Kaltenbach (1959) who observed a direct role for the
hormone, thyroxin, in resorption of the anuran tail fin.
CHAPTER VI
SUMMARY
1. Serial longitudinal sections of the tail of Rana pipiens were made
and stained with iron-hematoxylin and eosin to ascertain the fate
of tail muscles during metamorphosis.
2. Prepared sections from both premetamorphosing and metamorphosing
stages of the tail were obtained and studied. It was found that
the first changes occurred in the '•metamorphic" stage XX, This
involved swelling and clumping of connective tissue,
3* Further obsearvration showed longitudinal splitting of the myomeres
as well as clumped interfibrillar material,
k* Histological changes were found in the muscles as well as in the
posterior portions of the tail. However, histolysis began in the
posterior regions of the tail and proceeded at a higher rate than
in the anterior regions.
m
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. Stage I - A section through the anterior part of the tail
showing the notochord with its large vacuolar cells (V)
bounded by the smaller peripheral cells (P) and sheath (S).
Connective tissue (C) can be seen between the myomeres
(M). X 160.
. Stage I - Similar to figure 1, except the section is from
posterior level of tail. X 160.
. Stage II - A section showing no visible changes in histological
appearance of tail. X 160.
. Stage XtX - A section showing no visible change in the





‘"All figures are represented by photomicrographs
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(Explanation of Figures)
Fig. 5. Stage XX - A stage showing several changes in the histological
appearance of the tail muscles. Note swollen and clumped
connective tissue (C) around the edges of the myomeres (M).
Fig. 6, Stage XX - A section showing longitudinal splitting of
myomeres and clunped interfibirillar materials (IF) near the
center of the tail muscles. X 1;30.
Fig. 7. Stage XX - A section showing interfiorillar materials as a
congregation of short curved rods (IF) irregularly arranged
near the tip of tail. X U30.
Fig. 8. Stage XXI - A section showing q)lit myomeres (M), interfibrillar





^All figures are represented by photomicrographs
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(Explanation oi Figures)
Fig, y. Stage XXII - A section showing conditions similar to those of
stage XXII. However, note that the muscles (M) have become
greatly shortened. X U30.
Fig, 10, Stage XXIII - A section showing only traces of muscle tissue
in the posterior portion of the tail. X U30.
Fig. 11, Stage XXIII - A section through the anterior region showing
irregular clumps of muscle material (m) which are much
smaller than those observed in earlier stages, X U30.
Fig. 12. Stage XXIV - A section through the posterior region of the
tail showing large areas of fibrocytes and cellular debris





Igure is represented l)y a photomicrograph
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(Explanation of Figure)
Fig. 13. Stage XUV - A section showing minute traces of muscles
in the anterior portion of the tail. Considerable connective




It is generally accepted that the tails of tadpoles undergo
resoiption during metamorphosis. In this investigation efforts were
made to observe, through histological studies, the changes in the tail
muscles of Rana pipiens during the metamoiphic period.
Serial longitudinal sections of the tail of Rana pipiens were made
and stained with iron-hematoxylin and eosin to ascertain the fate of tail
muscles during metamorphosis. Prepared sections from both premetamor¬
phosing and metamorphosing stages of the tail were obtained and studied.
It was found that the first changes occurred in metamoiphic Stage XX.
This involved swelling and clumping of connective tissue. Further obser¬
vation showed longitudinal Q)litting of the myomeres as well as a clumping
of interfibrlUar material.
Histological changes were found in the anterior muscles as well as
in the posterior regions of the tail. However, histolysis began in the
posterior regions of the tail and proceeded at a higher rate than in the
anterior regions.
